The simulation is done for protons in HERA which was first designed with a crossing angle. Although the assumed space charge parameter is relatively small many resonances can be seen after 50000 revolutions, i.e. about 1 second of storage time. The dependence on the crossing angle and on the order of the satellite resonances is investigated.
Introduction
Satellite resonances which are excited by the beam-beam interaction at a crossing angle were first investigated in the e+e-storage ring DORIS I [1, 2] .
The resonance condition is given by : p+rQ5 q (1) where QB and QS are the betatron (horizontal or vertical) and the synchrotron frequency, respectively, and p, r and q are integers. Beam losses were explained with the help of computer simulations and special measurements with single bunches in both beams which showed 12 satellite resonances in the neighbourhood of the working point. Although the width of the resonances was very small (in the order of 10-4) and the distance between them relatively large the resonances limited the luminosity. In this case the limitation was also caused by an rf-quadrupole and a decoupling transmitter which gave to different bunches different betatron and synchrotron frequencies in order to suppress multibunch instabilities. Therefore always some of the 2 x 120 bunches were lost due to a satellite resonance.
In the first proposal for the e-p storage ring HERA [3] a crossing angle was foreseen since it has some advantages over head-on collision, e.g. less synchrotron radiation hits the detectors and the optics for the two rings are completely independent. It was assumed that with a smaller space charge parameter (1 = applied. The kick of a particle which passes through a Gaussian bunch at an angle of 2¢ was calculated in [4, 5] . The four integrals over space charge density and time can be reduced to one [4, 6] and assuming relativistic proton energies (y >> 1) and a small horizontal crossing angle (f2 < 1) one obtains for the horizontal and vertical kick:
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0xef-0z (2) Ex,z nances [1] . On a difference resonance the difference of the betatron and synchrotront oscillation energies remains constant. Therefore both amplitudes can increase as long as there are no other limitations. On a sum resonance, however, the sum of the oscillation energies remains constant, i.e. both amplitudes are limited. Since in the case of beam-beam interaction the increase of amplitudes is mainly limited by the non-linearity of the tune shift, the two kinds of resonances give almost the same increase for higher order satellites and for large space charge parameters. Fig.3 shows also that only odd satellites are excited. This happens when the centers of the two bunches collide since in this case the potential of the space charge forces is completely symmetric. Then, only those satellites can be excited [1] , for which q+r is even. If the two bunches are horizontally displaced the potential is no longer symmetric and both even and odd satellites can be excited. 
